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[Ml «IWtt**W£< . MttfPttl^ ■ «H*4 

mnyr-(y< (EDF) Srfflv\ 2J£|®coig*g«/£££ 
oT^6 0 x/Ut tf <)Aj$Mi|j;1 0 0 0 ppmH, 
1 5 5 0 n m^*3*t5fS#*^*«afPK»R«ttfi 1 d B 
/m£-T£ 0 EDF • 14 - 8CD^£|3: 1 0 OmT'fc 
5, EDF • 14-1 2<£>g£te7 OmT'fc^o fl^iS* 
KU4-6. 14-10111. 5 3 umCO^t^U— if 
BiB*^!7— ttl O OmW-CifoSo *8gl4 

-7, u-ii f«t#Mi7^;^t*0 , KM 
•ffc«i 4 -4fi7-yx7^^m^ 0 g^-y^ 

7^/^©t°- ^ffl^(j:l 7 d B-Cfo6o EDF • 1 4 
- 8 m Uttl* 2 5 d B "Cft 9 , EDF- 14-12 CO^IJ 
»f± 1 5 d B ~Cfo<5 0 «7^y^* if*JBB£lt 



FT 

L 




SMt^i/iS (N-l) flO*tjf»«fc«£frtt;L 
B£2ftrt> S r £ i -T S l ISHftOftiS*! 

BjB*«S: 1 fB« 
Ofti#*g^ 0 

*OJti«<i» 0 

[M#«6] me?^v««Be%^>ttfttt, stria* 
twistc j: s*««P30«j£«r«ft **b*«ft-e«) ^^^^ 

mmytmm^ic x % mmm^immt ztiz?-? >mm so 

BS#OjfcftH 1. 49^1. 5 3 /imOffiH-Cfc 
S r £ S:W»£i-S»*« 6 Ktttf>ftitffig 0 

oBi&ftgtg <t SiSSi^ 2 0>BiEJte#«#* t m 

itmm 9 ] atfsa » >rmm*. ±t/wiB*« 

»«CW:i J: Lmitsm 2 4>BiB%fcKfflftt£ 

#*8lEttO3fctB«« 0 40 
[»*JSi o] BtrEJfiWSUH StJEBjg*»Jcj:sm 
l oBigfti&S £ Sft Zffimom 2 *>»jB*#«*# <t 

l**i2etto)te*Mi». 

[fg^JS l l ] flUEy >^«/£ll «»#*3J:tMlttB 
fUflMMtl- J; 5*t«3t^» LiiUEfg 2 (OB$e*co^iS^ 
fT5Ar«ltt**»*r«tfii:«:4»»4:-r6l»*ai OB 

[n*« 12] sfrffi y >^flw»i 
itltem i OK* t nn&goB&ft ^lt6S 2 oBig 50 



10-294510 

[ 0 0 0 1 J 
[0 0 0 2] 

^*^ffi«<0«fiKSria2 3^12 2 5{^i-„ [123, H! 

2 4, EI 2 5 |«:tt-Pft, tt*ttfifO*i|MB»OjfS 1 , 
SS 2, »3 0«/aTNfc5 0 

[0 0 0 3] 0 2 3fc*5l*T, ft*i*I3s2 3- if 
mU2 3-2*5j:U*J»«f{k»2 3-3 <fcDfc£> 0 
ttifffiS 2 3-111 7^^2 3-4, 23-5 

K»«fc£:h/C^5 0 #jft*0«#** J ,.*<0*iili»2 

3- 1 CAttl, tt*i$n^ 0 Mrcmwn 2 3 - 2 tt, 

») x Bfi*aS2 3-7, *3<t^ *Ut#MC«2 3-60 
Mra^KIB*n>S:*»ft 2 3-8 (Bfift<Hf -SBfcO^ 

ftr^yu— <b % f iJt#«CK 2 3 - 6 
^©^tt/c^o n p2 3-9 otr^yu-^?) .to 

(##30&fc : Massicot t et a I. , Electron. Lett, 
vol. 26, No. 20, pp. 1645-1646, 1990) 0 

[0004] m 2 3 (Dmf&(o%m%^ 23-1 tom»» 

i26 (a) -026 (c) (^i~ 0 El 2 6 

(a) il *lJt#iK«2 3-6<DflJ»OjKftft#ttS:^L 
T^So 0 2 6 (a) T\ #j*#Ofc°— ^mnms 0 d 
B x *J»spjfl«f« («*.«, 3 dB3flJ#{g:TS«c) 1^ 
lOnrat^c *iJ»*{b*2 3 -3^?ri2 6 

(b) ^^a^Ob: 0 -^ffifi, ifilOdB-efc 
02 6 (a) 0tfiJft*>bH2 6 (b) coa*S:3H/^ 

fc«3&s, *ti*I§5 2 3 - 1 ^fiJ^TfcSd*, ^tL^r0 2 
6 (c) IC^-To fcfcL, ffi^Ofc^, *a5p°p2 3-8 

kyti®&2 3-9(om^mMLtz 0 $mqnk#2 3- 

3 4rffli^fcr. tx\ mmw-tmmtms 0 nmtcit^pu 

fc. z<D£oic^ *J»5Fa»«^j£^lxtf, <f#3t&S 
S/^VKD) [Rl~*J»-CJi«"C * s ^ ^ 9 

[0005] 0 2 4 \* s 023£ H«0?iJt#«FttS:^-r 

0 2 3^it-<, £*>i&m%teftmm$&<omf&xh 

h 0 12 3^^1/^0(1 i8»S^/^2 
oOB®3taS2 3 - 7, 2 4 - 3 £ffi^T^6r 

BjE*jR2 4 - 3 30$ffl^1-S®®jtojfiSJ± % B$2 
*H2 3 - 73ft«WAr*BJB*©**J;9«<, «#«t 

«2 3-6.0 (ttt*AA*|fi]i:»LT) ±ffiffl5#*\ 
B2 3i:it^ (## 
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JCfik : Massicott et al. , Electron. Lett., vol.28, N 
o. 20, pp. 1924-1925, 1992) 0 

[0 0 0 6] B25H mnofcmmt&mitibox* 

So *t«»**mil: Ui4Sffi2 5-2) *5J:tf«» (4MB 
Jt7^y^*fctt»*l!|flt»2-5-4ASM:JlLT*>S. 

*tfcO*{k«r|**f S r. t *«-C* S : Masuda 

et al., Electron. Lett., vol.26, No. 10, pp. 661-66 

2, 1990) e 
[0 0 0 7] 

-t*L-PttH9 (a) 33 J; 1*0 9 (b) ^*Lfc p m 
9 (a) £9, ¥ffl*iJ»**tt¥ta*«»^*t*Pi:*lc:« 

^<tS«««rtt^bt:«tf9, 3 0 d BSa^SJRSiX 
So — \M9 (b) J: 9, XM8»htttt7'<!7»- 

[0 00 8] *8fl(Oltttt, :oi:^j:«S:(B*L 
[0 0 0 9] 

7r>r^*r*iJ»l(EKfc+5*^*:*iJ»«tK*2K±^* 
0Wo#J»ftiB«*«:i. 5 3 /imiftSBiBJtSrttI* 

45 (N-i) ffl^?iJ»Wt:»i:«rfl|Afcr:i:S:1*»4: 
ih6fttf«iI^T*fc6 e £fc, W*«2«c:Ett^«W*i, 
«l**HcE*©*ltlB»c*3V^r, SMBBfi**** B 
jB«*©»tt5«*(Z>Bfi*3&>b/j:a r fc t Lt 

^*«Mi»lc*5V^r, WE*±JM5*07r>r'<tt:* 

[0010] B*S4i:iatw«Wtt, 



(3) fflfl 0- 2 9 4 5 1 0 

£fc, W*JS5jcEtt^*Wfi, »*«4^E«8 
o**Mi»c*5V^T, AAfflJKzfrfttt: 
*S-a**rtfl;i, ffifE7^>-JtBBfi*:tt, «TE*lRjttte 

Lri>5 0 . * fc, »#«6i£E*t<0«Wte, ffljftJgsK 
E«<o*it(B»lc*5l^'C, SfrE^^tfffiBjeft^Se* 

Wtt, W*9(6^E*©*lt«*lc:*3^^T, B9E*±SS 

ftOStgri*, 1. 4 9^5)1, 5 3 m mOgSfflT-foSr. 

[0 0 1 1] W*«8tcE«605SMti, 1**312 

CEtt<J0*ia«»^*5^T, mfEWBSlW 5 * MfBBigft 

«t s « 1 (ommyt&S: t mtezmmcom 2 <om&yt 
mt^tm^m^m-r^ y >^sm«x./:i^ 
«atttt^ c w*«9CE*<oasw*i, 

20 *3ft*3 «t WffiEfU»tt«fc J: 6 LmlE^ 2 60 

B®ft£&«i£{;i^ffit ■ Mt5WDM^7 P 7^tf^ 

[0012] 19**1 oi:S«^ii, 
2JdE«03tit««f:*5V>T, ttEMMsas, BtJEBS 
3tW^«t 5» l (OBie^ttS SfcSBf H*>jfS 2 <7)Big 

mxmi oicEtt^ttffis^^r, B9Ey>^«fiic 

rt\ (t^3t43.tt/ffiEfiJ»IK«J-J:S*i«*^*fLHaE 
JO 2 <7>Bfi*eo^iRfi:fT 9 # fa r *t £<f# 

«i*c:E«lw*it*»^*3i^T, SiiE^^MjJi, Str 
ESR i ^B^a^fe^ l^iSg^B^^^^'r 5^ 2 coB®A 
«rE»2«)Bfi3tW^ct-5aa*SrWEy 

[0 0 13] 

[0014] §1. « 

^igpj^os i 6 cotp}/&£ -tti^enEi i ~m 6 ^ 

-To »l<o«*-Cfc5igifi. tt*S{|f«>IB 2 3 t, m 
3) 2 o(^tL.T^5^t^# < 145 0 ffi 

^ft^con 25 1 *i v ffi®<7>if«su 1-2 

» i - 3 ©BicKiaVa *»*3ft««fMi5ft« i~4 r*fe 

50 45 0 
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[0015] z.<o&imj&x*<nmn%f\£.*m7 u> , 
17 (b) , m8tc^-r 0 H7 (a) ht % mmmwom 

tl^ffe^^tTl^o HI 7 (a) T\ mn<D\! 

&^C0T\ Kl^5f»bJx*. Bfra^ttfflSB 1 - 2 OjPJ 
?#<Z>ftgJfflf4 2 5 d B "Cfe 19 , &Ifc<E>if B£[5 1 - 3 COflJ 

n<D&mm*.x 5dB^s e ^Tt, ^^-^<a: 

I* 1 0 d B£fcf42 0 d B) ^±©3pJ»fe*t*0LT^^ 

^>o *ij»*{k» i - 4 coa**ia 7 (b) tc^-r 0 70 

ta^(Z)t°— ^ffif4, |^)10d B*5j:t)<2 0 d B-e&6 0 
[0016] |7 (a) ©fll*^6B7 (b) 

*flMi»l-l©3pJ»-e*>6^ ^£0 
8 {Ctf-T 0 f:f;U ffiljicofctf), ftWFql-S, 1-1 
0 t*S|Jfn 1 - 1 2, l-140»*|lSfiLfc. a* 
fcT- * tt^ffi 1 0 d B <D 1 1 0>fU»¥ffl#*f4 30nm 

«li5 0nmt^ o i26 (c) , -f 

'mz&tfz>¥-mimm2 o d B^t #ospj#spa««tt 

flJffMS 2 0 d B CO t # <B*lW#3p*fiffir«fi 5 0 n mT'fc^ 

[0 0 1 7] [219 (a) JC*»WJC*3ft5¥ffl*IJ»«r« 
«3ftsp»Jctt*Lfcrfc*«to^-5 0 HI 9 (b) [c^^ 

fdo fiJ»«b»l-40*>t^3t*tB» 
0iB8lil-3) ^fo6C0T% %tftt«fiftBJ;ft*«fc 

[0 0 18] fiJ»j««S:3i>WLfe»^«>«fiRSr 

^27 i^-t-o 3 u^^mistnoia k 2 r><nmn^ 

fbSl-4, 1-4' trRHL-Ct^S. 2o©fl|#Wfc 
Si -4, 1-4' Srffl^Ti^fcfc, tt^Lfc*iJ#<f 

5:i«S5o te*5, 0TM4^#^fC£3##i£T*L 
/cMt-o^T^LT£>6rt\ »#J»*N (Nf42J^±;^ 

ft) ft&\£frfcw<mm%mf&mmt-tzNm<o 
mmtftt, %<Dmmnmz&rthtitz (n-d 

ft-e?m»¥ffl*«t*^ Kite* lt < r <b ^t*# s 0 

[0019] H2lt *»W<OlB2©*filcS:^Lt^ 50 



¥fffl¥- 10-294510 

6 

5o **w^2«fifeiL iiC/Tt«« (si com 

fife) WJtBfflll-2, 1-35:, i2(OTt 

«/SK«#»;tfcfc<o-?fca 0 -r^*?^, 0i£f4, m 
B»oaiB*ai*«»ftori^s. i2m 0jgcoffiiji 

ffc<ofc«>, Hi t©ta*jfto**:, 0 l <£>J#B§P l - 2 
l-»JS+5itB»2- 1 fcovv-c^Lfc. ro+BS^ 
14, Hio«IBWi-3^»ffi+-5«IBW (H^») K 

*ft**>B*<0«SR-e*>«| 0 BlO«*tH45»tt, 
BiB«**0»tta2oa>Bfi#J|[i -7, 2-2£rfll 

^ti^:fc*6. afi#»2-2a*aa-rs»fift 

Jfi<. fUWMCVi -9© (ff^ftA^ftl^LT) _t 

[0 0 2 0] 0 3 11, **W^m3 0«fi!cS:^LT^ 
6 0 02 3 £14, e^7r-r^2 3-4$r 

«MMIMi LTflil\ *0>afiftK3-3#fcbfci::R 
ESttTV^^S^So eiH^r-f '<2 3-4 147-^ 

hS ('>!i*77^-C»l 10nm) fcft. M&MM 
C^^tlT^^o r(OS3«fiR<Z5fiJ»«FttSrB|l OtC 

n (W#«t«W#-Wfc»a5fe) <05pJ»spffi»«j:i3j£ 

[0 0 2 1] El 4*4, *«W^»4(^»fi8S:^Lrv^ 
5o 0 2 (*»Wo»2*tf) fcfiJ»#J:t«t«1»tttt 

afi*a)R2~2Srffll^T^6o 3t^o n p4-2 5rffl^T, 

wish - 9*u— s-'afijaEKt-rs^i^ y 
(^aip^p i - 8 ^mmm 1 - 9 ~~ytw& 1 - 1 0 ~* 

M4-2-»p p p1-8) ^rfSfiJci-^o * 

^p°p 1 - 8 %> x vwM& 1 - 1 0 14 if ztmytiztt l 

3£Sftt4, 0 2 (*3BH0ft2fl|jft) ^*3ftsaSg5taR 

KK^era^sifi^JKffii-ae-rs^ffl^w-t-So 

[0 0 2 2] 0 5J4, *M^5^M^LtP 

<t#> 3tfflai -S^i^jtSfPiBil-l 014 u—¥36a 
*nb#4*rSt±^*»tt«"t > *>S3lt'»--*aU'-^ 

»«*»4ft**iie*rti^e«i-*fc«), fs#3t^«ft 
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10 0 2 3] 0 6 11, *««C0Sg6O«ritS:^LTl^ 

[0 0 2 4] JU±, *$g^cofg 1 -SB 6 cDt^^r^ Lfc 

/UfcTr>AjS*0 7z-f ^< (E r^g^P^r-f : EDF) 
t Lfc 0 x/ut^ A^Jjpgffifl 1 0 0 0 p pmt L, 1 
5 5 0 nm(^*JJt^ft#3'fe^*«a?P®JR«»tt 1 d B/ 

[0 0 2 5] 01 1 ( a ) . m 1 1 (b) \C%%:&ffi<D 
% l*5ctt/*2©Aat«<0«**r*i- 0 Hi 1 (a) 
ii, afi&ftj&si. 4 8 /tm0ffiiaft5K&ffi0A3!ffll 

T**>5 0 EDF • 1 1 - 6CDft£fl5 0m, Jsbig3fc^!7 
HilOOmW, jplj»^{b«l l-30t 8 -^i*(j;l 

0 d BWTtfcSo r<Z)^^flDfil!^SSMtt (W» 

**<9Y>V) ^|12 (a) fC^L/Co ¥fifl»2 0d 
B , ^ptaWrttc 30nm (l 5 3 5- 1 5 6 5 nra) Xfo 
6 O 011 (b) H, BljBttfta<l. 55,im^2(0 
fi£3fcttffi<0&S0flT*fc5. EDF • 1 2 -4 0>fi£fll 
5 0 m, JBjB*^17— tt2 0 0 mW, fij^ffcgg 1 1 - 

^iKSttfftt CfUft*-^ h/U) £0 1 2 (a) fc^L 
fc Q ^t0^Ut# 2 0 d B, 3P*fifl¥tt4 0 nm (1 5 7 0- 

1 6 1 0 nm) "CfcSo 

[0 0 2 6] 013 ^**«©jfcS!«o«fifctr*'f . 2 
&*f«flWc-CS> 9 , »8©EDF • 13-70>S£fll 
0 0 mtfe «9 , f&IfcCD EDF' 13-11 $ fl 7 0 
mtfcS. fl^COE D F - 1 3 - 7 <OflJ#Jl 2 5 

d B *C$> 9 „ &&<0 E D F • 1 3 - 1 1 <E>JpJt#H 1 5 d 
BT'fcSo *«>IB^KBSttfe3pJ»«ft»l 3 -4 cot: 8 
-^»*H2 0dBt'fc5 o ^L«H7-;^ 
0 12 (b) fc*H\ spffl#J»2 0 d B, 3Pffi«r*5 0 
nm (1 5 5 0 — 1 6 0 0 nm) X+&>% 0 ±|E<^t**ft 

[0027] ±m<DXoi,c x *&wxn, mmmK&2 

WW**-*-****. tt*»*teJt'<, **S*T^ 



(5) VffflW- 1 0- 2 9 4 5 1 0 
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[0 0 2 8] § 2 . Si SMkStt 
rttW-TS. 01411, r<05SW(7?mi3IJfi?gffi{cJ:5 

(Er 3 + tt7 7 -f^:EDF) 2»l|4HRjft 
Srtotv>5 0 ^t'r)AttaSlil 0 0 0 ppmi: 
U 1 5 5 0 nm^*5ttSfS*3t^M5«a?P»lE«»ttl 
d B/m^t^o BiJ^cOEDF -14- 8cog£fl 1 0 
0 mtfc 0 , f&l&CD EDF - 14-12 Of £ fl 7 0 m 
T*fc£ 0 GSbigftM 14-6, 14-1011, 1 . 53/z 
m<Z)*i»*U-f (LD) T?*>0, M)^2*/N°!7-ill 0 
0mW-Cfc<5o BiB*fc«**0*ttSl 4-7, 14 

-l nmmftg>mmy<<ji>*. m'<m<mi 4-4n 

20 Spl it Beam Fourier Fi Iter (7— y^y^jvZ) x&> 

5 0 mnmvzm C7— y^-f/u*) i4-4coe-^ 

»5fcfll 7 d BTfcSo mJ^COEDF • 1 4 - 8 C0flj» 
II 2 5 d B 9 , EDF- 14-12 CD*IJ*#fl 

l5dBt$)5 0 ftT-V V u—^i-— !fSHBtSJh©fc 
#I^coi#*l^|5fc 2 IB. &R0tiHA<::ittRJELT 

&4b\ #tf#9Mt;« 1 4 - 4 fl, *IJ»¥ffl»«**tt 

[0 0 2 9] #$g9ja>SB l HJE?gflgof«H#^^^ h a-S: 
30 0 1 5 (C^ Lfc 0 1 7 d B , ^rlJ^^Fm^i^c 5 0 

nm£rf#T^>5o Sfc, 1. 54 — 1. 6 1/zniCO^^ 
^\t^Kt) m?L&. 2 0$, 10 0$) <7)^#<D«S?p 

minimi s d Bmtifo^ +»i«^o fc*ru ^$§5 

14-7, 14-11, *7>fVl/-^14-9, 14 
-I3,«|»«pffc« ni^^yu^) 14-4Wff 

AS5fcH# ldBi Lfc 0 
[0 0 3 0] § 3 . |R 2 ^JS^flg 

6*i, i\<Dmw<D$52mMBmi [ z£zj£mmftmmm<o 
40 w^Ttyo^iT$)5 0 in (mmmm 
fig) tnifi)tB^»45c tttmsimiEWi&nflt 

T*$?5o a®*^ 16-4. 1 6 - 8 fl, $g 1 . 48 
Mm, ttlM^!7-10 0mW(OLDffc^ 

16- 6, 16-10 fl, 1 . 5 5 n m, 

17— 1 mW^LDtfo-So EDF - 14-8, 14-1 
2rt*wA#tL^l. 48MmWljgjtlJ, BEDF- 1 
4-8, 1 4- 1 2|C®lR$tl, — 1. 5 5 M m60 

»|EDF • 1 4 — 8, 14-1 2q>Xm&£ 
tl5 0 -tCOS^:, ?IED F • 14-8, 14-12 <7)± 

50 ffiSBTtt 1 . 4 8 u m<Dm&yt'<7—&5:&&)x&>z 
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fc, TffiSB-Cfi 1 . 5 5 a m<Dm&yt'<y— Ji^IfiWl- 
ftS. tt-g-W^tt, 1. 5 3 Mm^J&fiLfcSl^lSTfc 

SCM^l. 4 8 /imfiijeiCj: !9iS^^<OT% 

[0 0 3 1 ] § 4. 3Htt^lR 

fig) tte, 7^VttJpI^^Px.T^5^^M^6o 

(^11^/77^^) 18-4S:, Rftl. 51 M 
ffiA*^!7-2 0 0mWC0iSM (LD) ■ 18 
-6fIgLTP5 0 fig77^^1 8-4tt, 60k 
mtf^ifcv'^ b 7 6 e 1. 6 l/zmW7-7 

^*IJ»tt5 dBT'fo6„ HI 1 9^*Hlfi»ffi^«fc6*lH# 

h/u-^r^i-o miMMMm^tt^ ^mmx 1 

0 d B, 2 5 nmG>|pJ±riSfc6o 20 

[0 0 3 2] -frjftS 1 8 - 5 <h LT*fpJttie^« 

fc7£7 7«('<\ztti-z>m&m& (i. si Mm) tit^ 

5 t LTWDM (Wavelength Division Multiplexing) 

[0033] § 5. m4mmmm 

t«\ fl(rs^tt«ffl5 2 o- i©**ifc B ^^<^tiii>i3s 

1tT*£>>5o ®fi*JB 1 6 - 4 fi % &g 1 . 4 8 n m\ ttl 
^^^-lOOmWCOLDt'fo^ RSl. 55/im 40 

1. 5 5 /im^M^-f^^li^itTI/^o 
y>^U— -iftt, EDF-14-8. l)y/l/-fffl§ 
(^K2 0- 2 ( 2 0-3) , *^Jjfe§i®ft:7^ 

^20-6, ^rsE»a»2o-5, *5«tt/, jtr^fy 

l/-^2 0-4T*»fltSilt^5. ^R«2 0-2, 2 

o - 3 fi, ix— !f««**«^afc#*j-^« ■ »«r 

5WDM (Wavelength Division Multiplexing) 
»*4rWi:-C*>3. njB%M (LD) ^i 50 



WM^F 1 0- 2 9 4 5 1 0 

70 

[0 0 3 4] § 6 . S5 H%^flg 
ill, rw*M^»5 Jltt3^ffi(cj:SJ[S»«*l9"li«o 
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